The control mechanisms involved in implantation can be divided into those operating from outside the uterus and intracellular controls within the organ. The hormones of the ovary ensure that uterine preparation is synchronized with the presence of a mature blastocyst in the uterine lumen, whilst the intracellular controls regulate and integrate the changes which take place within the organ and between it and the blastocyst. A prominent feature of these changes in many species is the transformation of the connective tissue stromal cells into specialized decidual cells in which the blastocyst comes to lie, either by passing through the uterine epithelium or by degeneration of the epithelium around it. This transformation will be referred to as the decidual cell reaction (DCR).
The control mechanisms involved in implantation can be divided into those operating from outside the uterus and intracellular controls within the organ. The hormones of the ovary ensure that uterine preparation is synchronized with the presence of a mature blastocyst in the uterine lumen, whilst the intracellular controls regulate and integrate the changes which take place within the organ and between it and the blastocyst. A prominent feature of these changes in many species is the transformation of the connective tissue stromal cells into specialized decidual cells in which the blastocyst comes to lie, either by passing through the uterine epithelium or by degeneration of the epithelium around it. This transformation will be referred to as the decidual cell reaction (DCR) . HORMONAL CONTROL In the majority of animals implantation takes place at a fixed interval of time after ovulation (assuming a fertile copulation) when the corpus luteum is fully formed. This is during the luteal phase of the menstrual cycle or the dioestrous phase of the oestrous cycle. Implantation can thus be considered as the culminating event of the oestrous cycle, and it follows that any investigation into the hormonal control of implantation must start by considering the pattern of hormone secretion during the oestrous or menstrual cycle. Obviously the hormones secreted during the cycle are the only ones which can be involved in normal implantation. It may be interesting to determine what the uterus is capable of achieving under experimental conditions, but ultimately the results must be related to the events actually taking place in the animal during the period before implantation. In this paper the pattern of hormone secretion, as far as it is known, is presented and followed by a discussion of the extent to which the hormones are involved in the control of implantation.
Until recently it was not possible to measure accurately the levels of ovarian hormones and much of the information on the control of implantation was deduced from indirect biological evidence, mainly from rodents. The bio¬ chemical data have, on the whole, confirmed earlier biological results.
The pattern of hormone secretion in the human menstrual cycle is shown in Text- fig. 1 (see also Somerville, 1971) . A similar pattern occurs in other species, including the cow (Shemesh, Ayalon & Lindner, 1972) , ewe (Cox, Mattner & Thorburn, 1971) , monkey (Hotchkiss, Atkinson & Knobil, 1971 ), bitch and post-copulatory rat (Nimrod, Ladany & Lindner, 1972 (Finn & Martin, 1969 (Prenant, 1898; Fraenkel & Cohn, 1901; Corner, 1928; Allen & Corner, 1929 (Lataste, 1891; Kirkham, 1916) . In this condition the corpora lutea, histologically at least, appear to be functional and the uterus progestational but the blastocysts do not implant. However, deciduomata can be induced by traumatizing the uterus, confirming that progesterone is being secreted but suggesting that something necessary for implantation, possibly a hormone, is lacking.
The suspicion that another hormone was involved was strengthened when Krehbiel (1941) showed that implantation could be precipitated in lactating rats by the injection of a small dose of oestradiol. Similar findings were later made in the mouse (Bloch, 1943; Whitten, 1958) . These results led to the hypo¬ thesis that a small quantity of oestrogen is necessary for implantation and its absence is the cause of the delayed implantation of lactation in rodents. Later experiments have provided more direct evidence for the rôle of oestrogen in normal implantation in rats (Canivenc, Laffargue & Meyer, 1956; Cochrane & Meyer, 1957) . Briefly, these experiments showed that if pregnant rats were ovariectomized before implantation and given exogenous progesterone, implantation depended on the time of ovariectomy. If the operation was per¬ formed after a certain critical time relative to ovulation, the blastocysts im¬ planted normally; rats ovariectomized before this time, however, would go into a condition of delayed implantation, in which the blastocysts remained quiescent but could be induced to implant by a small dose of oestrogen. This work has been followed by many confirmatory experiments (see Nutting & Meyer, 1963) , notably those involving the transfer of blastocysts to hormonetreated ovariectomized animals (Psychoyos, 1961a; Humphrey, 1969) , which demonstrate that in rats and mice (Bloch, 1959; Smith & Biggers, 1968) implantation normally involves a period of progesterone secretion and a surge of oestrogen (Psychoyos, 1967) .
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At this point one might enquire why it is that the traumatic deciduoma can be induced in the uteri of animals not given oestrogen. A likely answer to this problem came when it was shown that the intrauterine injection of oil was a very good decidual stimulus in pseudopregnant rats (Finn & Keen, 1962 ) and mice (Finn & Hinchliffe, 1964) but, unlike trauma, it was ineffective in animals treated with progesterone only (Finn, 1965) . Like the blastocyst, but unlike trauma, oil acts on the surface of the uterine epithelial cells so it is possible that it is here that the luteal oestrogen acts. In other words oestrogen is necessary for sensitization of the epithelial cell surface so that it can receive the stimulus of the blastocyst or oil, while trauma is independent of oestrogen because it by¬ passes this initial reaction and acts directly on the stromal cells (Finn, 1965 ).
The evidence is now strong that under normal conditions luteal oestrogen plays a rôle in the control of implantation in rats and mice (see Marcus & Shelesnyak, 1970 , for review). There is some disagreement about whether the oestrogen is secreted as a short surge (Shelesnyak, 1960) or as a more continuous secretion (Yochim & DeFeo, 1963; Finn & Martin, 1969 (Chambón, 1949; Hafez & Pincus, 1956 ), guineapigs (Deanesly, 1960) and hamsters (Orsini & (Weichert, 1928) , especially in the rabbit, in which the characteristic response to progesterone is not elicited unless the animal has previously been primed with oestrogen (Clauberg, 1930) . In the mouse there is also good evidence that priming oestrogen can alter considerably the subsequent response of the uterus to progesterone .
Some experiments on the control of cell division in the mouse uterus bear upon this point. During early pregnancy (Text- fig. 3 ) there is a sudden switch in the pattern of mitosis from being predominantly glandular on Day 3 to almost entirely stromal on Day 4 (Finn & Martin, 1967) . The control of this change was of considerable interest because it was thought to be important in preparing the stromal cells for decidualization, perhaps being in the nature of a quantal mitosis. Briefly, it was found that the only way to get the rapid change from glandular to stromal mitosis in ovariectomized mice was by administering priming oestrogen as well as progesterone and luteal oestrogen (Martin & Finn, 1968 , 1970 (Text-fig. 6 ).
The animals were primed for 3 days as before and then, starting on various days after the last priming injection, three daily injections of progesterone plus oestradiol were given. On the 3rd day arachis oil was injected into the uterine lumen and the decidual response was assessed 2 days later.
Without priming there was a small decidual response but it was very much less than that in animals which had been primed, especially if the interval after priming was 3 days. These results suggest that pro-oestrous oestrogen is involved in the development of maximal sensitivity to decidual stimuli, although it must be admitted that some decidualization is possible without priming. It has also been shown that implantation of transferred blastocysts is possible in unprimed animals (Humphrey, 1969) , so that although pro-oestrous oestrogen may norm¬ ally play a part in the development of full sensitivity it is certainly not essential for implantation.
To summarize, there is good evidence that the secretion of the ovarian hormones throughout the cycle is patterned to produce maximum uterine sensitivity at the time when the blastocyst is ready to attach, but it is not possible to say that any one of the parameters is essential in all species.
INTRACELLULAR CONTROL
The hormonal controls just discussed ensure maximum endometrial sensitivity when the mature blastocyst is present in the uterus. A reaction then takes place between the trophoblast and the uterine epithelium so that the endometrium is stimulated to undergo a chain of reactions leading to the formation of the placenta (Krehbiel, 1937; Finn & Hinchliffe, 1964) . We know little about the nature of the stimulus given by the blastocyst. As already mentioned it can be mimicked by several artificial stimuli, for example air (Orsini, 1963) or oil (Finn & Keen, 1962) , and there have been suggestions that C02 in the air may be involved (Hetherington, 1968; McLaren, 1970) or that the stimulus may be a contact reaction between the two surfaces, in which the oil is able to take part (Finn & Hinchliffe, 1964 (Atkinson, 1944) . Progesterone thus acts in a permissive rather than a directive manner, and the mechanisms responsible for directing the morphogenic changes must lie within the cells.
EXPLANATION OF PLATE 1 Fig. 1 . Blastocyst implanted in the uterine stroma 48 hr after the initiation of implantation by oestradiol. (From Finn & Bredl, 1973.) Fig. 2 . Blastocyst at the same time after initiation of implantation as in PI. 1, Fig. 1 but in the uterus ofan animal treated with actinomycin D. The epithelium round the blastocyst has become stratified except at one point where the trophoblast appears to be penetrating it. (From Finn & Bredl, 1973.) One would expect the control to be exerted, at least partly, through informa¬ tion coded on the nuclear DNA, via the transcription of messenger RNA and the synthesis of enzymes. Enzyme changes have been recorded in the uterus during implantation, perhaps the most obvious being the induction of alkaline phosphatase in the decidualizing stroma (Finn & Hinchliffe, 1964) .
If such control exists it should be possible to interfere selectively with those parts of the reaction which are dependent on transcription by administering the drug, actinomycin D, which blocks transcription. Glasser (1965) and Burin & Sartor (1965) have shown that the drug will inhibit the traumatic DCR and implantation in rats. More detailed study of the reaction in mice (Finn & Martin, 1972) showed that actinomycin D, given as a single dose before the sensitizing dose of oestradiol, did not prevent the pontamine blue reaction (Psychoyos, 1961b) (Finn & Bredl, 1973) . These experiments set out to answer two main questions: would the stimulus to the blastocyst be affected and, if the blastocyst were still activated, would the trophoblast pass through the epithelium? There has been some dispute about whether the degeneration of the uterine epithelium is due to invasion by the trophoblast or to inherent cell death (see Blandau, 1961) .
As with the oil stimulus, the uterus, in spite of actinomycin D, reacted to the blastocyst and there was a pontamine blue reaction and oedema in the stroma. Adhesion between the trophoblast and the epithelial surface also occurs normally (Pollard, Bredl & Finn, 1973) . The blastocyst appeared to be activated norm¬ ally; not only did it increase in size but many cells undergoing mitosis could be seen in the embryonic knob and trophoblast. As before, decidual trans¬ formation of the endometrial stroma was delayed. This had the effect of putting blastocyst development out of phase with uterine morphogenesis. The normal degeneration of the uterine epithelium also failed to occur at the normal time. In control blastocysts 48 hr after transfer, the epithelium is completely lost and the trophoblast is in contact with the decidual cells (PL 1, Fig. 1 
